The objective of the study was to determine pre-weaning performance of piglets born following artificial insemination (AI) at smallholder farms of Gauteng province. Data from 496 piglets originating from 73 multiparous crossbred sows were used in the study. Litter size, number of piglets born alive, number of piglets weaned, birth and weaning weights were recorded. Data was analysed using the Proc Univariate procedure of SAS. The average litter size was 11.8. The average birth weight and weaning weights were 1.9 and 6.2 kg, respectively. No significant differences were found between male and female piglets for all the growth performance characteristics. Piglets born during winter had a significantly higher (P < 0.05) birth and weaning weight as compared to autumn and summer months. Season had a significant effect on birth and weaning weight (P < 0.01). However, sex of piglets had no significant effect on all the characteristics recorded (P > 0.05). The interaction between sex and season was only confirmed on the total number of weaned piglets (P < 0.01). A highly significant positive correlation was found between litter size and number of piglets born alive (r = 0.86) and total number of piglets weaned (r = 0.50). A highly significant correlation was found between total number of piglets born alive and total number of piglets weaned (r = 0.55). In conclusion, season of birth had the greatest impact on birth and weaning weight, with the highest birth and weaning weights recorded during winter season. However, sex did not affect the pre-weaning performance of piglets.
Introduction
The South African pig industry is small in terms of the total South African agricultural sector contributing around 2.05% to the primary agricultural sector (DAFF, 2015) . Furthermore, South Africa contributes about 0.2% of the world pig population (Muchenje & Ndou, 2010) . According to Phiri et al. (2003) , South Africa has the highest pig populations in southern Africa and 25% are free ranging in rural-poor areas. According to Harvey et al. (2014) , smallholder farmers normally depend on farming for their livelihoods with inadequate skills and resources, therefore any decline in productivity may have a significant impact on their food security, nutrition and income. Pigs are of high economic importance, especially among the resource-poor as they contribute towards human nutrition, food security, poverty alleviation, enhanced livelihood and creation of employment for the rural community (Antwi & Seahlodi, 2011) . However, according to literature, reproductive performance of pigs in smallholder systems is generally unsatisfactory (Phengsavanh & Ogle, 2010) . This may be attributed to limited access to superior germplasm. Therefore, advances in reproductive technologies such as artificial insemination (AI) offers unique opportunities for livestock improvement for smallholder pig farmers (Rege et al., 2011) .
One of the main reasons for introducing the improved pig breeds through AI is to facilitate the dissemination and propagation of superior germplasm (Okwun, Igboeli, Ford, Lunstra, & Johnson, 1996) . Furthermore, sow productivity is dependent on the sow's ability to produce piglets that survive from birth to weaning (Fix et al., 2010) . Noteworthy, the productive output of pigs depends on several factors. There are different factors that have been shown to be related such as nutrition, season of birth, diseases, stress, dam's age and parity, social status, levels of different hormones, type and timing of the insemination, oestrus synchronisation, environment, population demography, etc. (Chandler, Steinholt-Chenevert, Adkinson, & Moser, 1998) . However, seasonal infertility remains a major problem.
Seasonal infertility is one of the most vital environmental factors that influences the reproductive performance of pigs (Janse van Rensberg & Spender, 2014) . It has been established that it has a direct influence on litter size and piglet survival following birth (Tummaruk, Tantasuparuk, Techakumphu, & Kunavongkrit 2010) . Additionally, it may affect results in the rearing of piglets due to heat stress and feed intake during lactation. Within the season, temperature variation and photoperiodic reaction are considered the main causes influencing fertility (Knecht, Srodon, & Duzinski, 2015) , although the resistance of individuals is dependent on the breed (Wysokinska & Kondracki, 2013) . The sex of the offspring also influences the growth performance of piglets (Peaker & Taylor, 1996) . It also plays an integral role in the growth rate of the developing foetus. Alfonso (2005) reported that at birth male piglets tended to be heavier than female piglets. This may be due to hormonal differences between males and females and subsequent effects of foetal growth. Therefore, the objective of the study was to determine the effect of sex and season on pre-weaning performance of piglets following AI at smallholder farms in Gauteng Province.
Materials and Methods

Location and Experimental Area
The study was conducted at nine smallholder farms of Gauteng Province based on the availability of breeding sows between 2014 and 2015. December to February were grouped as summer months with temperature ranging from 16 to 29 °C, March to May were grouped as autumn months with temperature ranging from 11 to 23 °C and June to August were grouped as winter months with temperatures ranging from 5 to 20 °C with an average rainfall of 1454m. All procedures performed in the study involving humans and animals were in accordance with the ethical standards of the ARC (ARC Reference: APIEC15-046).
Experimental Design
A factorial design was used in the present study. Sex (males and females) and season of birth (summer, autumn and winter) were the main factors.
Animals
A total of 73 multiparous sows were synchronised by administering 400 IU of Equine Chorionic Gonadotropin and 200 IU of Human Chorionic Gonadotropin intramuscular in the neck. Each sow was checked for heat twice a day. Sows were further stimulated by back pressure and inseminated twice, 12 and 24 hours after standing heat. Each AI dose consisted of 80 mL of extended semen containing 3 × 10 9 spermatozoa. Pregnancy diagnosis was done 42 days following artificial insemination using ultrasound scanner. Conception rate, farrowing rate, litter size and total born alive were recorded. The production performance of 73 crossbred sows and its litter were collected for a period of two years from the records maintained at smallholder pig farms in Gauteng Province. Litter size, number of piglets born alive, number of piglets weaned, birth and weaning weights were recorded.
Statistical Analysis
All of the statistical analyses were performed using SAS software Version 9.2. Data was analyzed using the PROC UNIVARIATE procedure. Pearson correlation coefficients was used to determine the relationship between litter size, total number of piglets born alive, total number of piglets weaned, birth and weaning weight. Data was presented as mean ± standard deviation. Differences were considered significant at P < 0.05.
Results and Discussion
Descriptive productivity of piglets following AI at smallholder farms is indicated in Table 1 . The average litter size was 11.8 based on the sample of 496 piglets. Furthermore, the number of piglets born alive was 10.2 and 9.5 for number piglets weaned. The average birth weight was 1.9 kg ranging from 0.8 to 2.4 kg. Moreover, the average weaning weight was 6.2 ranging from 2.9 to 12.2 kg. Sharma, Dubey, and Singh (1990) reported that a weaning weight of 7.4 kg in Large White Yorkshire (LWY) pigs and Cauveri, Sivakumar, & Devendran, (2009) reported weaning weight of 6.8 kg at 42 days of age in 75% LWY crossbred pigs which were lower compared the results in the present study (6.2 kg). Detailed results of the pre-weaning performance following AI at smallholder farms is indicated in Table 2 . No significant differences (P > 0.05) were found between males and females for pre-weaning performance. Similarly, Cauveri et al. (2009) reported that sex had no significant impact on birth weight. Jaishankar et al. (2015) further indicated that the average birth weight was higher in male piglets (1.2 kg) compared to female piglets (1.1 kg), which is slightly lower from the results in the present study (1.9 kg). However, Darko and Buadu (1998) indicated that females tended to be heavier at birth than males. Contrary to these findings, Poore and Fowden (2004) found that males have a higher weaning weight compared to females. Similarly, Milligan, Fraser, and Kramer (2001) reported that on average, males were heavier at birth than females. In general, birth weight, preand post-weaning growth performance of piglets decreased with an increasing litter size. 
Note.
abc Means with different superscripts in the same row differ significantly (P < 0.05).
Season had no significant effect (P > 0.05) on the litter size, total piglets born alive at birth and total number of piglets at weaning. However, piglets born in winter had a significantly higher birth and weaning weight as compared to autumn and summer seasons. It is evident that farrowing season plays a significant role in growth performance indirectly through its influence on the dam's nutrition and hence amount of milk available to the unweaned offspring. In the present study, birth and weaning weight were the lowest during autumn and summer seasons. This may be due to their reduced ability to maintain their body temperature and low colostrum and milk intake (Herpin et al., 1996) . Furthermore, literature relating to the association between low birth weight and lower survival rate or a lower growth performance is abundant (Fix et al., 2010; Baxter et al., 2009; Quiniou, Dagorn, & Gaudre, 2002) . In the present study, sows produced piglets with lower birth weights during summer months. Similarly, it was previously reported that sows tended to produce smaller litters with lower birth weights during hot or warm seasons (Tummaruk & Khatiworavage, 2011; Quiniou et al., 2002) . Low weaning weights observed during summer may be attributed to the microclimate conditions affecting lactation. Pigs tend to be sensitive to high ambient temperature because their inability to sweat. Hence, it is of utmost importance to observe the body condition of sows especially during late pregnancy. Moreover, physiological changes that take place during farrowing and lactation may be affected by change in diets, postnatal stress and microclimatic factors (Quesnel et al., 2009) . Additional heat stress during summer months contributes greatly to changes in the composition of milk, less milk secretion or decreased food consumption by piglets. Sex had no effect on all the evaluated characteristics recorded (P > 0.05). The interaction between the sex and season were only confirmed on the total number of weaned piglets (P < 0.0001).
Pearson correlation coefficients between litter size, total number of piglets born alive, total number of piglets weaned, birth and weaning weight are shown in Table 3 . A highly significant positive correlation was found between litter size and number born alive (r = 0.86, P < 0.01) and total number of piglets weaned (r = 0.50, P < 0.05). However, a relatively low correlation (P > 0.05) was found between litter size and birth (r = 0.34) and weaning weight (r = 0.22). In contrast, litter size is negatively correlated to the average birth weight and weaning weight (Raseel, Kotresh, & Sunanda, 2016) . There was also a significant correlation between total number of piglets born alive and total number of piglets weaned (r = 0.55, P < 0.05). A low negative correlation was observed between the total number of piglets weaned and birth weight (r = -0.07) and weaning weight (r = -0.20), although insignificant. Furthermore, there was a highly significant positive correlation between birth weight and weaning weight (r = 0.5; P < 0.01). These findings are in agreement with studies from Raseel et al. (2016) . This positive correlation of birth weight and weaning weight may indicate that as the birth weight increases the weaning weight also increases. Note. * P < 0.05; ** P < 0.01.
Conclusion
In conclusion, season of birth had the greatest impact on birth and weaning weight, with the highest birth and weaning weights recorded during winter season. Moreover, the interaction between the sex and season was only confirmed on the total number of weaned piglets. However, sex did not affect the pre-weaning performance of piglets. Further research is recommended to determine the impact of season, sex, management, parity and nutrition on pre and post weaning productivity at smallholder farms.
